Abstract. Frequent excavations of public roads take place in order to install new utilities services and/or maintain existing ones. Utilities road works may cause various risks such as delay and disruption to the road network and frustration to road users. To minimize risks, there is a need to develop an efficient road works management system, for which the collaboration of the road authority and utilities undertakings is essential, and it is useful to draw the experience and learn the lessons in international practices. In this research, international practices (legal framework, regulations and codes of practice) in road works management have been analytically compared to identify the essential common functions of road works management. Furthermore, proved procedures to make risk management plan and efficient measures to mitigate risks have been identified from international road works management practices.
Introduction
Road openings are frequently required by utility undertakings (UUs) to install new services and/or maintain existing ones on public streets, roads, footways, cycle paths and verges. While these utilities road works are necessary to ensure the provision of essential services to customers, they may also cause significant delay and disruption to the road network and frustration to road users. There is a need for the road authority to work in collaboration with UUs and ensure that utilities road works are carried out with minimal disturbances to the public. Here, the road authority refers to a "street authority", "road authority", "highway authority" or other terms as used in different countries. In a similar context, "road works" is also termed as "street works" in some countries. It is useful to draw the experience and learn the lessons from international practices with an aim to develop an improved system for the efficient management of utilities road works.
Review of International Practices in Road Works Management
The writer has conducted an intensive review of international practices in road works management, covering the overall legal and regulatory framework and detailed implementation measures in a number of countries including Australia, Canada, China, Japan, Singapore, United Kingdom, and United States of America. Regarding the overall legal and regulatory framework, the review is focused on the key provisions stated in the law or regulatory documents, particularly on the powers and duties of the road authority and on the rights and responsibilities of UUs who carry out works on public roads. Regarding the implementation measures, the review is concentrated on the process of road authorities of different countries in approving the permit applied by UUs in order to carry out road works, and the particular methods taken by road authorities to address potential problems that can hinder the safe and efficient utilization of the public road network and to promote the optimal occupation of road reserves for legitimate purposes. [2] , and the 1991 New Roads and Street Works Act in the United Kingdom [3] . In general, these acts empower the road authority to regulate and administer works on public roads through the establishment of corresponding regulations, codes of practice and/or a permit or license scheme that set out detailed procedures and requirements for carrying out road works, in order to provide for safe and efficient utilization of public roads, avoid unnecessary disruption caused by poorly planned works, minimize congestion and reduce disruption of necessary road works. [6] .
Comparison of Laws Governing Road Works

Roles of Regulations and Codes of Practice
These regulations and codes of practice provide for more detailed protocols and procedures for the management of road works. For example, in Singapore, the Code of Practice for Works on Public Streets specifies the technical requirements on road works, such as the restricted area, positions of utilities, manhole, valves, hydrants and over ground boxes, extent of lane occupation, temporary traffic control, protection to road carriageways, adjoining structures and road-related facilities, the decking system, and site inspection, reinstatement, and materials [5] .
Permit Scheme
A permit scheme is commonly adopted by road authorities in managing road works [7] . Such a permit scheme may require information in the following aspects as is the case in London, the United Kingdom [8] : (1) scope of permit scheme, (2) provisional advance authorization, (3) permit application and decisions in respect of permit applications, (4) timing of applications and responses, (5) permit requirements and conditions, (6) permit variation, revocation, inspection and sanction, (7) permit fees and dispute resolution, (8) road works register, and (9) other related matters and procedures.
Risk Management
Utilities road works may involve a wide range of risks, for example, accidents (e.g., potential increase in car crashes due to the closure of some lanes and reduced transport capacity and gas explosion due to lack of safety measures in the excavation and installation of gas utilities works beneath the road), inconvenience and disruption to road users and residents and businesses nearby, and suspension of utility services. To minimize risks, the road authority should establish detailed guidelines for road works coordination and monitoring and traffic control, and UUs should develop a workable risk management plan with specific risk mitigation measures throughout the process of carrying out the road work, including the safe reinstatement after the work is completed.
The development of an appropriate risk management plan by UUs is essential. Based on [9] , in developing such a plan, UUs may consider the following procedures:
(1) Identifing potential risk areas associated with road works; (2) Analyzing the identified risk areas, determining their inherent risk ratings, and classifying them into levels of low risk, middle risk and high risk; (3) Proposing mitigation measures to reduce the risk areas (particular the high risk ones) to an acceptably low level; (4) Defining the requirements of risk management positions and assigning competent people to implement the risk management plan; (5) Establishing the scope and details in each aspect of risk management and providing effective training to staff and contractors to ensure the risk management plan is followed; and (6) Continuously monitoring, reviewing and improving the peroprmance of the risk management plan and ensuring the plan remains up to date.
In terms of risk mitigation, UUs may take following measures to minimize the impact of road works on traffic flow [10] :
(1) Using the one for one lane replacement method at sites where there is sufficient space for replacement lanes;
(2) Adopting the trenchless method at sites where it is not possible to use the one for one lane replacement method; (3) Applying the road decking method (i.e., placing steel/wood decks over trenches) such that pedestrians or vehicles can pass the road as nomal; (4) Allowing limited passage by closing only part of the traffic lanes at the time road work is being carried out; and (5) Stopping road work in times that are likely to have traffic congestion, e.g., during peak hours.
Conclusions
The development of a workable road works management system is critical to the efficient management of various risks associated with utilities road works. In this regard, this research has drawn the experience and learned the lessons from international practices in managing road works. The essential common functions of road works management, the proved procedures to make risk management plan, and the efficient measures to mitigate risks have been identified. These outcomes shed some light on future road works management practices. 
